
 

 
 

Project «SCAN-3» 
(Prolongation) 

Creation of a precision magnetic spectrometer SCAN-3 and 

research  of non nucleon degrees of freedom in nuclei, nucleon 

correlations and nuclear fragmentation at the internal target of 

the Nuclotron. 

Russia 

JINR, Lebedev Physical Institute, PTI, KKTEP;  

Romania 

 IFIN-HH, Instute for Space Science;   

Slovak republic 

 Institute of Physics, University of P.J. Šafárik; 

Uzbekistan 

Jizzakh  State Pedagogical Institute, Samarkand  State University. 



Programme Advisory Committee for Particle Physics 58th meeting, 
21–22 June 2023.  Recommendations 

1) The PAC takes note of the report on preparing the SCAN-3 

experiment presented by S. Afanasiev. The project is aimed at 

studying highly excited nuclear matter formed in dA 

interactions. This state of matter is studied by observing the 

decay of the excited nucleus into a pair of energetic particles 

emitted at an angle close to 1800 and with an energy resolution 

of 4–5 MeV. The physics programme includes the study of the 

η- and Δ–nuclei formation and the determination of binding 

energies and widths of quasi-bound states. 

2) Recommendation. The PAC feels that a firm recommendation 

cannot be made at this time. As a project approved in 2019 and 

seeking extension, the PAC requests the JINR team to return to 

it at the next session of the PAC with a clear proposal and a 

clear presentation outlining the original goals of the project in 

2019, the achievements over the past four years, and its plans 

for the requested extension period.  
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The goals of the project SCAN-3 in 2019 was: 
 

1. to prepare detectors for measurement; 

2. to assemble three-arms spectrometer;  

3. to test and tuning magnetic spectrometer;  

4. to investigate the behavior of S11 resonance in the nuclear 

medium as signal of -nuclei. 
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First 2 items have been finished in 2019-2023. 

• All detectors have been assembled.  

• The place for spectrometer have been prepared and detectors 

are installed. 

• DAQ system was assembled and all electronics were bought. 

Last 2 items have not completed due to nuclotron  

had not operated in 2019-2023. 

• 28 papers on the project topic have been published from 2019 to 2023. 



• the energy resolution is improved significantly (better than 10 MeV) 

• the effect and background are recorded  simultaneously what significantly 

reduces systematic errors 

Experimental setup  

 + Ni  S11   + N. 

magnetic field (B=7 

kGs)  

 pion registration 
kinetic energy 313 MeV. 

4 detectors  dP/P= 0.82 %  

 (dE = 2.6 MeV)    

3 detectors  dP/P=1.28 % 

                 (dE = 4 MeV) 

 

 

proton registration 
kinetic energy 270 MeV. 

4 detectors  dP/P= 1.17 %  

 (dE = 3.2 MeV)    

3 detectors  dP/P=2.4% 

                 (dE = 6.5 MeV) 

M-arm  

K-arm  

P-arm  

For πN – pars  

S/N estimated  ~ 10 
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The two-coordinate proportional  

chamber 600х200мм.  

Tracker 

The silicon vertex 

detector.  

The detector has single 

coordinate  silicon 

module with 640 strips.   

Dipole Magnet    

Two chambers are based  

on Straw detectors 
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TOF system 

Time of flight hodoscope M-arm, before assembly 

The TOF system is  include  forward 

counter and scintillation  hodoscope.  

The forward detector is based on SiPM 

matrix and fast plastic scintillator.  

Time resolution TOF system is 150ps. 

The forward TOF detector  

The TOF wall  
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The array of the neutron counters  for  

P-arm . 

It based on Scintillators  500x130x50mm 

 

Summary from beam test: 

TOF resolution has mean value  

 0.31ns  

Neutron detectors  (prepared for P and K arms of SCAN) 

Multi layers neutron counters  for  

K-arm . 

They based on scintillators  800x180x30mm 

TOF resolution are  0.2-0.3ns  

Estimated Energy 

resolution 

     EN    10 МэВ. 
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 The data acquisition system is used   VME system and includes full set of 

modules for experimental setup. All VME modules  where produced in VBLHEP JINR.    

DAQ consist of: 

FVME –  VME crate controller; 

FVME2TM – trigger module; 

TQDC-16 - 16-channel converter of time and  charge, the total number – 64 channels; 

TDC64V - 64-channel TDC with a resolution of 100ps, total - 128 channels; 

DAQ 
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Nuclotron operation from 2018 to 2023 

http://nucloweb.jinr.ru/nucloserv/statist/stat-main.htm 

No Physical runs were carried out at the accelerator complex. 

ПНР - commissioning works 
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Plan for the project prolongation for next period: 
 

 to test and tuning magnetic spectrometer;  

(for the measurement of correlated pairs with an energy resolution up to 4-5 MeV); 
 

 to investigate the behavior of S11 resonances in the nuclear 

medium as signal of -nuclei : 

 

• to determine the cross-section of -nuclei formation (A); 
(will be observed πN back-to-back correlation coming from a target,  

which may be associated with decay of  S11 resonance in nuclei.); 

 

• determine the bound energy of -meson in nuclei;  
(to be measure mass and width of the  S11 resonance in nuclei.); 

 

• to measure (-N) and (NN) branches of the S11 decay; 
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Estimates of the required beam time and financing resources. 

Y(p)  ~ 40 hour1,          60 hours (3% accuracy)     

Y(+n)  ~ 12 hour1,        200 hours (3% accuracy)  

Y(pn)    ~ 12 hour1,         

Y(pp)    ~   2 hour1.         700 hours (3% accuracy)  

p(d) + 13C n+p + 12C 

Required project financing  for  5 years  ~28k$/year. 

 

 The minimum acceleration time is about 200 hours. 

 Expected characteristics of pairs from decay of  -nuclei (N - branch)   

T=313 MeV 

TN=94 MeV 

p=431 MeV/c 
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Search for the η-mesic nuclei in a recoil-free transfer reaction  

p + 27Al → 3He + π- + p + X   

 η-25Mg 
A. Budzanowski et al., Phys. Rev. C 79 (2009)   

COSY-GEM Collaboration 

Without  back to  back requirement 

With back to  back requirement 

d + 12C(99%) 13C(1%) → π- + p + X   

S.Afanasiev et al., Cracow, 16 June (2010)   

 η-12C 

SCAN results (nuclotron 

internal target) LHEP JINR 
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Due we have uncertainty of the 

accelerator complex operation , 

it is proposed to extend the 

project for 5 years. 

 

 

Financing is requested in the 

amount of 28 k$ per year. 

  

13 

Beam time requirement 

 

for tuning the spectrometer: 

- 100 hours  

 

For physical program:  

first run                  ~200 hours 

for all program               ~1200 hours 

 



afanasev@lhe.jinr.ru 



BACKUP 



Dubna, 26 February 2020 

Plans for the NICA construction 
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Pp = Pd  

p+A d+ p=0+(A-1)p=0 

d+A t+ p=0 +(A-1)p=0 

Pd = Pt 

Ed = 2.22MeV 

Et = 6.25MeV 

13C +d= 12C+t+η+Q 

Q=1.3 MeV 

13C(d,t)12C 

13C(p,d)12C 

Recoil-free transfer reactions are most acceptable to the successful formation 
of the η-nuclei.  

1)  -meson production  

2) To produce stable nucleus-rest  from target 

3) Effective capture of the meson 

4) To measure the products of decay  

d + A → η(A − 1) + X → π + N + X.  



shaft 

Radial tunnel 

Location of spectrometer 

K-arm 

P-arm 

M-arm 
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Distortion of π+ and  p  of energy range of 200 – 425 МэВ in the magnetic field of 

SP-46 magnet. 

Distortion of track in magnetic field as a function of  particle type, kinetic 

energy  and  two values of the magnetic field  Нмах=7 and 10 кГс. 
  

Energy resolution  (FWHM)  for protons are 21,5 and 15 MeV, for pions – 8 

and 5,6 MeV at the  magnetic  field  7 and 10 kHs accordingly.    
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13C target preparation 

Carbon synthesized by pulsed-arc plasma 

The results of carbon deposition on the substrate  

during plasma destruction of butane. 

Raman spectroscopy 



A gas control panel 

A gas control panel was created for 

automated gas supply and control of 

coordinate Straw detectors, which are part 

of the magnetic spectrometer of the 

SCAN-3 installation. A photo of the gas 

control panel located in Bld. No. 1 




